We recently demonstrated sexual dimorphism in the S3 segment of the ICR mouse kidney, as differences in periodic acid Schiff (PAS) staining on the brush border and the number and size of PAS-positive granules. However, whether these sex dependent features in the S3 segment of the mouse kidney occur only in the ICR strain or are a general feature also observed in other strains is unclear. In the present study, we examined the renal S3 segment of the ICR, BALB/c, C57BL/6, C3H/He and DBA/2 mice strains, which are commonly used in laboratory experiments. PAS staining of the brush border in females of all strains was more intense than that of males, and PAS-positive granules were detected in all females. In male groups, PAS-positive granules were detected in the DBA/2 strain only, but their number was very few. In addition, PAS-positive giant bodies, larger than the nuclear size, were detected in females except those of the C57BL/6 strain. Histometrical investigation demonstrated apparent strain differences in a number of PAS-positive granules and PAS-positive giant bodies. The ultrastructural and cytochemical investigations suggest that the PAS-positive granules and PAS-positive giant bodies were multilamellar lysosomes. We propose that the present findings are significant for comparative morphology in laboratory animal science. Key words: kidney, mice, PAS, strain, S3 segment well known that the mouse nephron is morphologically different between sexes [6, 7, 12] , and furthermore, we recently reported new sexual dimorphism in the renal S3 segment (proximal straight tubule) of the ICR strain of mice [11] . That study showed the brush border of
Introduction
The mouse has been used frequently in laboratory experiments, and it is very important to clarify the biological characteristics of both sexes of each strain. It is the S3 segment in females was more intensely stained with periodic acid Schiff (PAS) than that in males, and that PAS-positive granules were contained in the cytoplasm of female S3 segment cells. The electron microscopical observation revealed that these granules were electron-dense multilamellar bodies, which were confirmed as lysosomes by acid phosphatase (AcPase) reaction. However, whether these sex dependent features in the S3 segment of mouse kidney occur only in the ICR strain or are a general feature also observed in other strains was unclear. Therefore, in the present study, we performed a comparative histological, cytological and cytochemical analysis of the renal S3 segment of ICR, BALB/c, C57BL/6, C3H/He and DBA/ 2 mice strains, which are commonly used in laboratory experiments.
Materials and Methods
Animals: Jcl: ICR, BALB/cA Jcl, C57BL/6J Slc, C3H/HeN Jcl and DBA/2Cr Slc strains of mice (3 mice of both sexes for each strain) were purchased at 4 weeks of age, and housed in an air conditioned room (temperature 22 ± 1°C; humidity 55 ± 10%; light period 07:00 hr-19:00 hr) and fed a commercial diet (CE-2, Japan CLEA Co., Inc.) and tap water ad libitum until 3 months old at the Institute of Laboratory Animal Sciences, Faculty of Medicine, Kagoshima University. All female mice were used in a condition of diestrus after checking the vaginal smear for the effects of the ovarian cycle. Furthermore, all samplings were performed between 13:00 hr and 15:00 hr to avoid influences of the circadian rhythm. The mice were sacrificed by exsanguination under anesthesia with a mixture of ketamine and medetomidine, then their kidneys were quickly removed.
This study was carried out in accordance with the Guideline for Animal Experimentation of the Faculty of Agriculture, Kagoshima University.
Tissue Preparation: For light microscopy (LM), left kidneys were cut perpendicular to the long axis including the hilum, and fixed in 10% neutral buffered formalin. After routine embedding in paraffin, ten sections of 3 µm thickness were selected every 30 µm of which five sections each were stained with hematoxylin-eosin (HE) and PAS, respectively.
For transmission electron microscopy (TEM), right kidneys including the outer medulla were cut into small pieces about 1 mm thick, and fixed in a mixture of 2.5% glutaraldehyde and 2% paraformaldehyde in 0.1 M phosphate buffer (pH 7.4) for 2 hr. The specimens were rinsed in the same buffer, and then postfixed in 1% osmium tetroxide in 0.1 M phosphate buffer for 2 hr. After dehydration through a graded ethanol series, they were embedded in Epon 812. Ultrathin sections, stained with uranyl acetate and lead citrate, were observed using a TEM (H-7000KU, Hitachi). Some specimens from right kidneys were used for AcPase reaction at the ultrastructural level. These specimens were fixed in a mixture of 1.25% glutaraldehyde and 2% paraformaldehyde in 0.1 M cacodylate buffer (pH 7.2) with 8% saccharose for 45 min. Following fixation, the specimens were rinsed in 0.1 M cacodylate buffer containing 8% saccharose, and stored overnight at 4°C. Then, sections 40 µm thick were cut using a microslicer (DTK-1000, DSK). These sections were incubated in AcPase reaction solution, using β-glycerophosphate as the substrate, for 1 hr at 37°C with gentle shaking. After rinsing in 0.1 M cacodylate buffer, the sections were postfixed in 1% osmium tetroxide in 0.1 M cacodylate buffer for 1 hr, and embedded in Epon 812 as described above. Ultrathin sections were not stained prior to TEM observation.
Histometry: The sections stained with PAS were used for histometrical investigation, and were blindly observed at random by an observer.
The staining intensity of the brush border of the S3 segment was compared with that of the proximal convoluted tubules (PCT). Then, each section was given a score numbered from 0 to 3 (i.e. 0=similar to PCT; 1=slightly stronger than PCT; 2=clearly stronger than PCT; 3=much stronger than PCT). From the mean score of each animal, we estimated the intensity of the PAS staining of the brush border of the S3 segment, i.e. +=weak (mean ≤ 1.0), ++=moderate (1.0<mean ≤ 2.0) and +++=strong intensity (mean>2.0).
For quantitation of the number of PAS-positive granules, light micrographs of five sections of each animal were taken at a primary magnification of × 200 and printed at a final magnification of × 1,000. The area of the S3 segment over the photograph, which excluded the area of the brush border, was measured on an UD-1212II WACOM graphics tablet using the NIH image software program. Then, the granules were counted within the area of the measurement of the S3 segment, and the ratio of granule number to measurement area (number / 10,000 µm 2 ) was calculated for each animal. In addition, PAS-positive giant bodies, larger than nuclei, were counted per section under a LM.
For quantitation of the size of dense bodies, about 20 electron micrographs of the S3 segment cells of each animal were taken at a primary magnification of × 10,000 and printed at a final magnification of × 20,000. These photographs were degrouped, then the size of dense bodies was measured using the NIH image software as described above. Giant dense bodies, larger than the present photograph size, were excluded from analyses.
Statistics: Results were regrouped and expressed as the mean ± standard error (SE) for each group, and analyzed statistically using one-way analysis of variance (ANOVA, Fisher's PLSD test). Statistical significance was defined as p<0.05.
Results
Light Microscopy: The histometrical findings of the PAS staining of the brush border, the number of PASpositive granules and the number of PAS-positive giant bodies in the renal S3 segment of the five mice strains are shown in Table 1 . In all strains, PAS staining of the brush border of the renal S3 segment in the outer medulla of the kidney was more intense in females than that in males (Figs. 1  and 2 ). No apparent strain difference was identified among the female groups. In the male groups, however, PAS staining of the ICR strain was weaker than that of the other 4 strains (Figs. 1b, 1d, 2f and 2g) .
PAS-positive granules were observed in the renal S3 segment cells of all strains of female mice (Fig. 2a-e) . The C57BL/6 strain, which exhibited the least number, was significantly different from the other 4 strains. The number in the ICR strain was also small, but not significantly different from that in BALB/c, C3H/He and DBA/2 mice. In the male groups, PAS-positive granules were detected in DBA/2 only ( Fig. 2f and g ), however, this number was smaller than that in females of the same strain (about 1/6).
PAS-positive giant bodies, larger than the nuclear size, were seen in renal S3 cells of females ( Fig. 2b and  e) . These giant bodies were numerously detected in BALB/c and DBA/2 mice, and the number in DBA/2 (85.06 ± 13.88/section) was about 4-fold greater than that in BALB/c mice (19.26 ± 5.66/section). In other Transmission Electron Microscopy: The electrondense bodies observed in the S3 cells by TEM corresponded to the PAS-positive granules observed by LM.
Numerous highly electron-dense bodies were observed in the apical to basement area of the renal S3 segment cells of all female mice strains, and were especially numerous in the apical area (Fig. 3) . Most dense bodies consisted of heterogeneous matrices with multilamellar figures (Fig. 4) . Although no strain differences were observed in the ultrastructure of these dense bodies, the size of the dense bodies was different between strains ( Fig. 3 and Table 2 ). The dense bodies in DBA/2 and BALB/c mice were significantly larger than those observed in the ICR, C57BL/6 and C3H/He strains. However, the dense bodies in the C57BL/6 showed the smallest size and were significantly different from the BALB/c, C3H/He and DBA/2 strains. In the male groups, dense bodies similar to females were also observed in the renal S3 cells of all strains despite no detection of PAS-positive granules by LM, except in the DBA/2 strain (Fig. 5) . However, the quantitative observation showed that the dense bodies of male ICR, BALB/ c, C57BL/6 and C3H/He mice, which showed no granules by LM, were significantly smaller than those in females and male DBA/2 mice (Figs. 3, 5 and Table 2 ). PAS-positive giant bodies detected by LM were observed as highly electron-dense giant bodies larger than the nuclear size (Fig. 6) . These giant bodies consisted of many unicentric and multicentric multilamellar structures (Fig. 7) . The mitochondria, Golgi complexes and granular endoplasmic reticula were fewer in cells with giant bodies than in cells without giant bodies. The brush border, which consists of microvilli on the cell surface, and numerous endosomes in the apical cytoplasm, was clearly observed in cells with giant bodies (Figs. 6 and 7) .
To determine whether the multilamellar dense bodies were lysosomes, the S3 segment cells were examined with the AcPase reaction. AcPase-positive products were found in the matrices of multilamellar bodies, indicating they were lysosomes (Fig. 8) . AcPase-positive products were also detected in the giant multilamellar bodies, though, their distributions were heterogeneous; i.e. some bodies showed widespread reaction, while others showed marginal reaction (Fig. 9) .
In the present TEM observation, the brush border of renal S3 segment cells of each animal consisted of numerous microvilli, and neither sex nor strain differences were observed in the ultrastructure of the microvilli (Figure not shown) .
Discussion
In the present study, apparent sexual dimorphism on PAS staining was confirmed in the brush border of renal S3 segments of BALB/c, C57BL/6, C3H/He and DBA/2 mice as well as that of ICR mice, and the intensity of PAS staining was different among strains in the male group. The brush border of the proximal tubules is characterized by intense PAS staining due to the presence of glycocalyx which coats the microvilli, and the present results suggest that the amount or the chemical characteristics of the glycocalyx are different between sexes and among strains of mice. However, biochemical or molecular biological examination to support this hypothesis was not performed in the present study. PAS-positive granules were detected in S3 segment cells of all female strains. Thus, it was confirmed that PAS-positive granules are not a morphological characteristic of the ICR strain alone but a general feature of the S3 segment of the female mouse kidney. In addition to these PAS-positive granules, the present investigation demonstrated that PAS-positive giant bodies, larger than the nuclear size, were present in the renal S3 cells of females except C57BL/6 mice, and were especially numerous in the DBA/2 strain. Similar bodies to the PAS-positive giant bodies have been reported in the uriniferous tubules of abnormal animals, e.g. mice with inherited lysosomal storage diseases [9] , in rats bearing a histiocytic sarcoma [4] , rats bearing a fibrosarcoma [13] , the NON (Non-Obese Non-Diabetic) mice, considered a model of type II diabetes [10] and the MCC strain of mastomys with pink eyes, diluted hair color and green-brown kidneys [2] . However, the present PAS-positive giant bodies were localized in the S3 segment cells of normal mouse kidneys, and such a finding has not been previously reported. From the present TEM and AcPase investigation, it is likely that PAS-positive granules and PAS-positive giant bodies of renal S3 segment cells observed under LM are multilamellar lysosomes, probably secondary lysosomes. The lysosomes present in the proximal tubular epithelium are active endocytic organelles containing numerous hydrolases [1, 3, 5, [14] [15] [16] , and the changes in size and number of the lysosomes are closely related to the stimulation of androgen and the growth and development of the animal [6, 8, 11] . The present study revealed sex and strain differences in lysosomal size. Our previous study using ICR mice demonstrated that androgen treatment decreases the size of lysosomes [11] , thus it is suggested that sexual dimorphism of lysosomal size in the renal S3 segment cells of the present five mice strains was caused by androgenic effects. However, what factor caused the strain difference of lysosomal size could not be clarified in this study.
Since the saccharides are stained by PAS, it is likely that PAS-positive granules and PAS-positive giant bodies, which were associated with lysosomes as seen under TEM and by AcPase reaction, contain abundant glycoproteins and/or glycolipids. There are two possible reasons for this finding. The first is that digestionrecycling by the lysosomal system is not efficient in the S3 segment of the female mouse kidney, and PASpositive substances are accumulated as undigestible substances which are not necessary for the animals life. The second is that PAS-positive substances are necessary for the animals life and have important physiological functions. For example, it is possible that these substances are secreted in urine and associated with reproductive behavior, such as a urinary pheromone. However, the biochemical features of these PAS-positive substances were not investigated, and whether these substances have a physiological function or not was not determined in this study.
In conclusion, sex and strain differences were observed in the S3 segment of the mouse nephron, as differences in PAS staining on the brush border and in the number and size of PAS-positive granules. We propose that the present findings are significant for comparative morphology in the field of laboratory animal science.
